Submucous inferior turbinectomy (ST) can be combined with posterior nasal neurectomy (PNN) to treat intractable allergic rhinitis (AR) and vasomotor rhinitis (VR). This study assessed the long-term effects and complications of this surgical intervention. We enrolled 127 patients who had undergone combined ST and PNN. We mailed these patients card questionnaires. Of these questionnaires, we excluded the 5 patients with VR and 26 patients who had undergone concomitant endoscopic sinus surgery (ESS), because they had both AR or VR and sinusitis. Then, we assessed the questionnaire score of 31 patients with AR who had undergone combined ST and PNN. Postoperative bleeding was investigated in 127 subjects by medical records. Moreover, we compared the incidence of numbness in the palate, cheeks, or teeth between patients who had undergone PNN and those who had not. We found that 77.4% of the AR patients were satisfied with the improvement of their nasal symptoms after the operation. Although seven patients had been receiving medical treatment from an otolaryngology clinic every month before the operation, none needed any such treatment after the operation. One year postoperatively, all symptom scores were statistically decreased. However, the scores increased over time, although there was a significant improvement in nasal obstruction more than 3 years after the operation (P < 0.01). Five patients (3.9%) among 127 patients who had undergone PNN were treated for postoperative bleeding. Patients who had undergone PNN did not differ significantly from those who had not in terms of postoperative numbness in the palate, cheeks, or teeth. Endoscopic ST combined with PNN is an effective treatment for intractable AR. Further studies are required to elucidate the efficacy of this intervention.
Background
Allergic rhinitis (AR) is increasingly common in Japan; in a 2010 study involving 1540 participants, we estimated that the prevalence of this disease is 44% [1] . Furthermore, the estimated annual economic loss due to seasonal AR caused by Japanese cedar pollen is over $3 billion. For this reason, AR is regarded as a major public health problem in Japan [2, 3] . In addition, the number of patients with AR is increasing worldwide [4, 5] . Medical treatments such as antihistamines and topical corticosteroids are prescribed to patients with AR as a first step strategy. However, AR and vasomotor rhinitis (VR) are intractable to medication therapy in some patients, and surgical intervention should be considered as a treatment option.
In 1961, Golding-Wood introduced trans-maxillary sinus vidian neurectomy to treat intractable VR [6] . Since then, several modified approaches to this procedure have been reported, such as transpalatal [7] , trans-septal [8] , and transsphenoidal variations [9] . Moreover, the indications for the operation have been expanded to include perennial AR. However, the original method was abandoned in the beginning of the 1980s because it is difficult and can cause irreversible complications [10] .
Recent advances in endoscopic technology have afforded surgeons a clear view of the paranasal sinus and allowed safe access to the sphenopalatine foramen, which is a landmark of the posterior nasal nerve. The posterior nasal nerve, which is a peripheral branch of the vidian nerve, carries secretory fibers and sensory nerve fibers of the parasympathetic and sympathetic systems to the nasal respiratory mucosa. Posterior nasal neurectomy (PNN) aims to disrupt autonomic supply, with a reduction in excessive nasal secretions. Endoscopic transnasal PNN circumvented the complications of vidian neurectomy, which include dry eyes, visual loss, and palatal numbness.
Alternatively, submucous inferior turbinectomy (ST) can also be used to treat patients with refractory AR. It is one of several turbinoplasty techniques that have been performed; others include partial or total turbinate resection, cryosurgery, and laser ablation [11] [12] [13] [14] [15] . ST has several advantages. For instance, removal of the inferior turbinate bone reduces both inferior turbinate volume and infiltration of various inflammatory or allergy-related cells [12] . In addition, the procedure leaves the overlying mucosa intact, preserving epithelial and ciliary function.
In the present study, we combined endoscopic ST with PNN to treat patients with intractable AR unresponsive to medical therapy. The study assessed the long-term effects and complications of this combined surgical intervention.
Methods

Subjects
The constitution of our subjects was shown in Table 1 . In total, we enrolled 127 patients who had undergone endoscopic ST combined with PNN in our hospital between July 2006 and June 2013. We mailed these patients card questionnaires, and 62 valid card questionnaires were obtained from 127 subjects. Of these questionnaires, we excluded the 5 patients with VR and 26 patients who had undergone concomitant endoscopic sinus surgery (ESS), because they had both AR and sinusitis. Thus, 31 valid card questionnaires were ultimately obtained from AR patients who had undergone combined ST and PNN only. We assessed the cases which were followed up more than 1 year. We mailed same questionnaires to 147 patients who had not undergone ST combined PNN but had undergone ESS only as a control group. We obtained 74 valid answers from the control group to investigate complication, which is numbness of the palate, cheeks, or teeth.
Then, we investigated 31 patients' symptoms. AR to seasonal or perennial allergens (cedar pollen or house dust mite) was confirmed using a radioallergosorbent test (RAST). Only patients with a RAST score of class 2 or greater were included in the AR category. The patients with VR had a history of intractable rhinitis and showed a negative RAST for seasonal and perennial allergens common in Japan.
To avoid the pollen season (March and April), we mailed the questionnaires in the month of June.
Surgical Procedure
The ST procedure has previously described in detail [12] . Briefly, the patients were placed under local anesthesia by injection with 0.5% lidocaine and 1:10,000 adrenaline. An incision into the nasal mucosa was then made along with the edge of the aperture piriformis, and the turbinate bone was isolated and removed.
The PNN was also carried out according to previous reports [16, 17] . In brief, patients were placed in the supine position under general anesthesia. Surgical gauze soaked in epinephrine was used to shrink the middle turbinate, inferior turbinate, and open middle nasal meatus, for improving visualization. Local anesthesia was administered at the posterior end of middle turbinate using 0.5% lidocaine and 1:10,000 adrenaline. An incision was then made in the posterior end of the membranous portion of the maxillary sinus. A mucoperiosteum flap was isolated from the lateral bony wall, and the sphenopalatine foramen was identified at the posterior end of the middle turbinate. Next, the sphenopalatine artery and nerve bundles running parallel were identified in the sphenopalatine foramen. In some cases, we could identify posterior nasal nerve without a second incision in the posterior end of the membranous portion of the maxillary sinus, because extensive mucoperiosteum flap isolation after ST enabled to find the nerve. The identified posterior nerve was coagulated and resected with the sphenopalatine artery using an ultrasonically activated scalpel. The procedure was performed bilaterally, and the nasal packing materials were removed on the second day after the surgery.
Analysis of Symptom and Complications
The mean daily frequency of sneezing and rhinorrhea, as well as a subjective grade for nasal obstruction, was evaluated using a numerical scoring system. For both sneezing and rhinorrhea, the grades were 0 (none), 1 (1-4 times per day), 2 (5-9 times per day), and 3 (more than 10 times per day). For nasal obstruction, grades were 0 (none), 1 (mild), 2 (moderate), and 3 (severe). In addition, we investigated the patients' quality of life (QOL), as well as their nasal symptoms scores, using the mail questionnaire. Two questions with multiplechoice answers were asked as follows: (1) Numbness of the palate, cheeks, or teeth was assessed in the card questionnaire using a numerical scoring system as follows: 0 (none), 1 (transient numbness), 2 (mild persistent numbness), 3 (severe persistent numbness). We compared the answers from whom the patient had undergone PNN or not among the 136 returned card questionnaires (PNN (+), n = 62; PNN (−), n = 74). In the 127 patients who had undergone PNN, postoperative bleeding was investigated using the medical records.
The present study was performed in accordance with the Declaration of Helsinki. All procedures were approved by the ethical review board of the Shinseikai Toyama Hospital.
Statistical Analysis
All data analyses were performed by Wilcoxon's test and Mann-Whitney test using GraphPad Software (California, USA). P values < 0.05 were considered statistically significant.
Results
Results of Quality of Life Investigation
First, we assessed the quality of life of patients whom more than 1 year had passed since the operation (Table 2 ). In the 31 valid questionnaires of AR patients who had undergone combined ST and PNN, seven patients (22.6%) answered Bexcellent,^seventeen (54.8%) answered Bgood,^seven (22.6%) answered Bnot changed,^and none (0%) answered Bworse^to the question BHow do you feel about your nasal symptoms now compared to before the operation?R egarding postoperative treatment for AR, although five patients had been receiving medical treatment from an otolaryngology clinic every month before the operation, none received any such treatment after the operation (Table 3) .
Subjective Symptom Scores
One year after the operation (n = 31), symptom scores were significantly lower than the re-operative values for nasal sneezing (1.03 ± 0.20 vs. 0.56 ± 0.13, P < 0.01), rhinorrhea (1.92 ± 0.19 vs. 1.14 ± 0.14, P < 0.01), and nasal obstruction (2.42 ± 0.15 vs. 1.22 ± 0.14, P < 0.01) (Fig. 1) . Three years after the operation, among 19 patients whom more than 3 years had passed since the operation, the scores were slightly higher than those 1 year after the operation. Nonetheless, the mean scores were still lower than the pre-operative levels. Regarding individual symptoms, the scores 1 and 3 years after the operation were significantly lower than the pre-operative values, although they did increase gradually after surgery. We found no significant reduction in sneezing and rhinorrhea 3 years after the operation, although there was a significant improvement in nasal obstruction after postoperative 1 year (P < 0.01), more than 3 years (P < 0.01). However, there was no significant improvement of the group which had passed more than 6 years after an operation in all symptoms.
Complication
The rates of postoperative bleeding were investigated using medical records in 127 patients who had undergone PNN during the study period. Five patients (3.9%) had been treated for postoperative bleeding from the sphenopalatine artery (Table 4 ), all of whom had experienced the bleeding more than 7 days after surgery. Four of these patients were admitted to the hospital, and three required repeat surgery under general anesthesia. Furthermore, we found that youth was a risk factor for postoperative bleeding. Next, numbness of the palate, cheeks, or teeth was assessed among the 136 returned card questionnaires (Fig. 2) . Specifically, the patients that had undergone PNN, PNN (+) (n = 62) and PNN (−) (n = 74), were compared with those that had undergone ESS only. Three patients (4.8%) in the PNN (+) group complained of severe persistent numbness, while two patients (2.7%) in the ESS only; PNN (−) group did so. There was no significant difference between the two groups in this regard. The prevalence of postoperative persistent numbness of the palate or teeth was 11.2% in the PNN (+) group and 10.8% in the PNN (−) group; this difference was also not significant. These results suggest that there is no relationship between PNN and numbness of the palate, cheeks, or teeth.
Discussion
In this study, there was a significant improvement in all nasal symptoms after combined ST and PNN on AR. The card questionnaire showed that the combined ST and PNN had an effect in 77.4% of the AR patient; 70.9% of the AR patients did not visit otorhinolaryngology clinics postoperatively (Tables 2 and 3 ). Despite the difference was not significant in statistics, the answer from VR patients was also good (data not shown). One year after surgery, the mean scores for each nasal symptom were statistically lower than their preoperative levels. However, after more than 6 years, there was no significant improvement in all symptoms (Fig. 1) . Although the score of nasal obstruction remained significantly improved after more than 6 years, the sneezing and rhinorrhea increased over time. It follows that regeneration of resected nerve may affect sneezing and rhinorrhea score. However, it is considered that ST, which can reduce inferior turbinate volume, have a long-lasting effect on nasal obstruction. Nasal obstruction is regarded as the most important symptoms among these three symptoms from our result (Fig. 1) . Moreover, the previous study in animals found that PNN effectively suppresses nasal secretion, although it does not affect mucosal thickening or AR hypersensitivity [18] . Therefore, we considered that combined ST and PNN, not PNN alone, are the best intervention to provide long-lasting alleviation of nasal symptoms, especially nasal obstruction and rhinorrhea. A prospective randomized study in 3 groups (ST, PNN, and combined ST and PNN) is required to reveal the further effect of combined ST and PNN.
Kobayashi et al. emphasized that selective resection of peripheral branches of the posterior nasal nerve with submucous turbinoplasty can reduce allergic symptoms as effectively as total resection of the posterior nasal nerve [18] . However, they also reported that the patients who had undergone total resection of the posterior nasal nerve had higher improvements in their nasal symptom scores, although the difference was not significant. By way of explanation, the authors speculated that total resection of the posterior nasal nerve results in denervation of the middle turbinate and nasal septum. In fact, resection of the peripheral branches of the posterior nasal nerve is safer than resection of the posterior nasal nerve trunk at the sphenopalatine foramen. However, we should consider the evidence carefully in terms of long-lasting effect. Despite the symptomatic improvements and low complication rate associated with PNN, some patients did not have a complete response after PNN. This may be because of gradual postoperative reinnervation, or to the presence of persistent accessory secretomotor fibers to the posterolateral mucosa that do not transverse the sphenopalatine foramen [19] . Robinson and Wormald suggested that surgeons must remove a segment of the nerve and cauterize the nerve stump to prevent regeneration [20] . Others have placed bone wax or gel foam on the resected nerve stump to prevent regeneration [21] . The same authors reported the effects of vidian neurectomy last for 7 years or more. In our hospital, before this study was conducted, we had placed nothing on the nerve stump to prevent regeneration. Therefore, it may be that the symptom scores increased over time due to nerve regeneration (Fig. 1) . Albu et al. stated that the addition of PNN appears to offer no additional benefit in the subjective and objective outcome related to inferior turbinoplasty [22] . However, they just cauterized the bundle and did not elaborate on any schemes to prevent nerve regeneration. We should consider a new strategy which prevents postoperative reinnervation in order to get better results. According to the previous report, postoperative bleeding is frequently encountered in the cases conducted PNN compared to the cases conducted inferior turbinoplasty only [22] . However, the posterior inferior nasal nerve was consistently found posterior to the sphenopalatine artery in another previous study [23] . Therefore, in most cases, the sphenopalatine artery is difficult to preserve and must be resected along with the posterior nasal nerve to ensure that the latter is cut. In actuality, we resected posterior nasal nerve with a sphenopalatine artery in all 127 subjects. The entrance was too narrow to insert an ultrasonically activated scalpel using the trans-turbinate approach. In several cases, to improve visualization, we were forced to add an additional incision at the posterior end of the middle nasal meatus. This additional incision was wide enough to insert the ultrasonically activated scalpel and closer to sphenopalatine foramen; therefore making it easier to approach the sphenopalatine foramen, however, increased the rate of postoperative bleeding. Therefore, to avoid postoperative bleeding, it would be better to use the trans-turbinate approach after ST, rather than making an additional incision. In addition, to prevent postoperative bleeding, the elevated mucoperiosteum flap should be replaced to cover the vessel stump. For the same reason, tension should not be transferred to the vessel when the bundle is resected using an ultrasonically activated scalpel, and surgeons should allow sufficient coagulation before resecting the fascicle.
In the present study, several patients in the ESS and ST/ PNN groups complained of numbness in the palate, cheek, or teeth (Fig. 2) . In another study, 22.2% of patients who had undergone vidian neurectomy complained of mild transient numbness in palate and lip [24] . It seems that the procedure damaged the superior alveolar nerve, which is a peripheral branch of the maxillary nerve and that septoplasty affects the superior alveolar nerve. Alternatively, these patients might have an anomalous trigeminal nerve. None of the patients who had undergone PNN in the present study complained of dry eye, which has been reported after vidian neurectomy.
Conclusions
In conclusion, we found that endoscopic ST combined with PNN is an effective surgery to treat intractable AR. However, further prospective well-designed study is needed to validate our results. In addition, the indications for surgery to treat intractable rhinitis should be considered in terms of the balance between long-term efficacy and complications. It remains controversial whether the sphenopalatine artery should be preserved to prevent postoperative bleeding or resected to avoid nerve regeneration. In any case, the most beneficial treatment should be considered based on the basis of evidence from further research, as well as the demands of each patient.
